In a previous paper (1) the slow rate at which water is able to reach the cutaneous surface from the underlying tissues was emphasized. It was pointed out that this slow rate could be accounted for either by a uniformly slow diffusion through the entire thickness of cornified epithelium or by the presence of a very thin barrier at or near the base of the stratum corneum. The data to be presented in this paper support the thin barrier hypothesis. If this is correct, the barrier, because of its position, limits the rate at which water can reach the major portion of the cornified epithelium from the underlying tissues.
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The cornified epithelium itself can lose water freely to the air. It can also adsorb water from the air if the humidity is high. Cornified epithelium will be flexible when it contains from 10 to 20 per cent water but will become brittle when its moisture content drops much below 10 per cent.
The lipid content of the stratum corneum does not prevent it from becoming brittle when its water content is low. A feeling of stiffness and dryness also results after the skin has been in contact with lipid solvents. It will be shown that extraction of cornified epithelium with lipid solvents so alters it that a water wash will subsequently remove strongly hydrophilic materials. The resulting cornifled epithelium can adsorb very little water from the air and since the barrier permits it to receive only little water from the underlying tissues it becomes brittle and scaly.
DIFFUSION OF WATER THROUGH CORNIFIED EPITHELIUM ALONE
A simple chamber for measuring the rate of diffusion of water through a membrane under controlled conditions was described in the previous paper (1). King (2) has used a more complex apparatus for the exact measurement of the diffusion of water molecules from an atmosphere of one relative humidity through a thin sheet of horn and into an atmosphere of a lower relative humidity. In all of the experimental work to be discussed in this paper, water molecules were diffusing from liquid water in contact with one side of the membrane into a still air environment of 18 per cent relative humidity on the other side of the membrane. This relative humidity was maintained inside a desiccator which contained 1000 ml. of 60 per cent sulfuric acid. The temperature was held at 23°C.
Sheets of cornified epithelium may be obtained by cutting calluses as single pieces from the sole of the foot. These are brittle and wrinkled if they have been allowed to dry, but they may be softened in a humid atmosphere and again dried in a flattened state. After drying, they may be sandpapered to a uniform thickness. The effect of thickness of the callus on the rate of water loss through the callus can be found by determining the rate of diffusion through a callus of a known thickness and subsequently sandpapering it thinner and again determin-. ing the rate of diffusion through it.
A thick callus was obtained which first measured 0.76 mm. with a micrometer after it was dry and the knife cuts had been removed by sandpapering. Water diffused across this piece of callus at the rate of 2.7 mg./cm.2/hr. Figure 1 shows the rate of water loss for this callus after successively thinning the callus. This
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'I) slightly curved line is not the type of curve which would be expected if diffusion through the callus followed Fick's law. King (3) and Cassie (4) have previously shown why diffusion through such a membrane might not be expected to follow Fick's law. King pointed out that the diffusion constant varies as the thickness of the membrane changes.
It can be seen from this curve that the rate of diffusion is rising rapidly as the callus becomes thin. The rate nearly doubles as the callus is reduced from 0.4 mm. to 0.2 mm. and at 0.2 mm. the rate is approximately 11.0 mg./cm.2/hr. There is some variation in the magnitude of the water loss for different calluses, but the general shape of the curve remains the same.
The thickness of the cornified epithelium of abdominal skin has been estimated at 0.02 to 0.04 mm. We have been unable to formulate an experimental procedure which would measure the water diffusion across separated cornified epithelium of abdominal skin. It has been shown (1), however, that the main barrier against water diffusion is in the epidermis and the rate of diffusion of water across ab-dominal epidermis or full thickness abdominal skin is about 0.2 mg./cm.2/hr. (point A on Figure 1 ). If the curve in Figure 1 were extrapolated, it can be seen that a piece of callus Which has a thickness of 0.02 to 0.04 mm. might be expected to allow water to diffuse at the rate of about 20.0 mg./cm.2/hr. or one hundred times as fast as water diffuses through abdominal skin.
THE EFFECT OF ADHESIVE STRIPPING ON THE DIFFUSION OF WATER
THROUGH ABDOMINAL SKIN Even though we have no way of measuring the rate of diffusion of water across separated cornified epithelium of abdominal skin, the adhesive stripping method, first suggested by Wolf (5) and more recently used by Pinkus (6) offers us a method for thinning the stratum corneum. Since the surface of the skin has an uneven contour, stripping does not remove cornified epithelium uniformly over the entire area. Nor can it be said that each stripping will necessarily remove the same amount of cornified epithelium.
Enough full thickness abdominal skin was obtained at autopsy to place on four diffusion chambers. The chambers were placed in a desiccator with the air adjusted to 18 per cent relative humidity and 23°C. The rates of diffusion of water as measured over a twenty-four-hour period for the four pieces were 0.18, 0.14, 0.17, and 0.11 mg./cm.2/hr., an average of 0.15. After this first twenty-four-hour period the pieces were removed from the chambers. One piece was stripped with adhesive plaster four times, the second eight times, the third twelve times, and the fourth sixteen times. After stripping, they were returned to the chambers and their permeability to water again measured over a second twenty-four-hour period. The rates of diffusion after the various strippings are shown in Figure 2 . The average of the four unstripped pieces is taken as the value for no stripping. Stripping the skin eight times has definitely reduced the thickness of the cornifled epithelium, as can be seen by comparing Figures 3 and 4 , and yet the rate of water loss changed only from 0.14 to 0.21 mg./cm.2/hr. In comparison with this small change, halving the thickness of a callus sheet approximately doubled the rate of water loss. Figure 2 is not a gradually curving line like Figure 1 ; it breaks sharply between eight and twelve strippings. An examination of the histologic section of the piece of skin which has been stripped twelve times shows a few areas such as that shown in Figure 5 in which all of the stratum corneum has been removed. This was true for only a few small areas of the entire three square centimeters which covered the chamber. For the piece of skin which was stripped sixteen times, however, most of the entire three square centimeters of the piece were free of stratum corneum. Even though the piece which has been stripped sixteen times has lost only stratum corneum and possibly small numbers of the underlying cells, its rate of water loss of nearly 8.0 mg./cm.2/hr. is nearly as great as the water loss of 10 to 15 mg./cm.2/hr. which has been observed for abdominal skin from which the entire epidermis has been removed (1) . Thus the lower layers of epidermis appear to offer very little resistance to water loss.
Since the thin stratum corneum of abdominal skin allows water to diffuse through it at oniy 1/100 of the rate of water loss through a comparable thickness of callus from the sole of the foot, it must be concluded that either the cornified epithelium of these two areas has entirely different physical properties as far as water transport is concerned or that over the maj or areas of the body, the cornifled epithelium is not in itself the maj or barrier against water loss. Progressive stripping of the stratum corneum of abdominal skin showed that there was very little change in the rate of water loss until the final layer of the stratum corneum adhesive plaster on the or the upper layer of the underlying tissue was removed and then there was a rapid increase in the rate of water loss.
These two experiments seem to indicate that the maj or barrier against water loss over most areas of the body is a very thin barrier at or near the base of the stratum corneum. The existence of such a barrier would separate most of the stratum corneum from the easily available water of the underlying tissues and make the stratum corneum dependent upon the surrounding environment for the moisture which it needs in order to remain flexible. Any change in the composition of the stratum corneum which alters its water-holding capacity assumes significance. The changes which result from treatment of a cornifled epithelium with organic solvents have therefore been studied. >< 280). This picture represents that portion of the skin from which the entire stratum corneum was removed.
THE EFFECT OF ORGANIC SOLVENTS ON THE WATER-HOLDING CAPACITY OF COENIFIED EPITHELIUM
Many organic liquids are good lipid solvents. When these solvents come in contact with the skin, they dissolve and remove surface lipids and possibly some lipids which are in the upper layers of the skin. This removal of lipids has been thought to be responsible for the feeling of dryness which occurs after the solvents have been in contact with the skin for some time. Painters, mechanics, and metal workers who come in contact with turpentine, gasoline, and trichloroethylene develop this type of dryness. Since it has been our contention that a feeling of dryness results more from a lowered water content of the cornified epithelium than from a decreased lipid content, it became important to learn if the extraction of cornified epithelium with organic solvents would affect the subsequent waterholding capacity of cornified epithelinm. The method for determining the amount of water held by cornified epithelium in equilibrium with atmospheres of varying relative humidity was discussed in the previous paper (1). A curve was given which showed the relationship of relative humidity to the water content of the eornified epithelium. This relationship has since been studied for many calluses and has been shown to be substantially the same for all the calluses \vith some minor variations which are no larger than might be expected for biological material.
For studying the effect of solvent extraction on the water-holding capacity of calluses each piece can serve as its own control. The water-holding capacity of a thin piece of cornified epithelium can be determined; then it can be dried, treated with the solvent and its water-holding capacity at various relative humidities again determined.
Calluses which were sandpapered uniformly thin (approximately 0.25 mm.) were used. The area of each callus was measured, aod it was then held over concentrated sulfuric acid at a temperature of 23°C. until a constaot weight was obtained. A calculation of the weight of the callus per square centimeter gives an indication of the uniformity of thickness from piece to piece. After the water-holding capacity of the callus was determined at various relative humidities at 23°C., the callus was again dried over concentrated sulfuric acid and then held in 25 ml. of the solvent for twenty-four hours at 23°C. The vessel containing the solvent and callus was occasionally shaken. After removal from the solvent the callus was allowed to air dry for three hours and then again allowed to come to constant weight over sulfuric acid and thereby a new dry weight was determined on which the subsequent water-holding capacity at various relative humidities was calculated. The solvents were evaporated to dryness first at room temperature in a stream of air and finally at 50°C. in tared weighing bottles, and the dry weights of the extractives were determined.
Early in this work it was observed that a short water extraction following an extraction with pyridine removed a relatively large amount of the callus and that subsequently the water-holding capacity of the callus was further altered. Therefore, after determining the water-holding capacity of the solvent-extracted callus, it was held in 25 ml. of distilled water at 23°C. for one hour ivith occasional shaking, removed from the water and air dried for five hours. It was then dried to constant weight over sulfuric acid. This third dry weight served as the basis for calculating subsequently measured water-holding capacities. Control curves were obtained for a callus \vhich was given t\vo xvater extractions, each for a onehour period. Table 1 shows the original weights and the amounts of extractives for the three calluses to be discussed.
These three calluses were quite uniform in weight, area, and thickness. A onehour water extraction of an untreated callus removed less than 4 per cent of the original weight. Twenty-four-hour extractions with the organic solvents, pyridine and petroleum ether, extracted less than 2 per cent of the weight of the calluses. A one-hour water extraction of the callus which had been previously extracted with pyridine removed over 20 per cent solids or six times the amount of solids extracted by water from an untreated callus. Subsequent to a petroleum ether extraction a water extraction removed nearly 10 per cent solids or approximately three times the amount of solids extracted from an untreated callus.
The curves showing the water adsorption by these three calluses before and after the various extractions are shown in Figures 6, 7 , and 8. The technic used for determining the water-holding capacity is not accurate enough to permit one to rely on the small differences which occur at low relative humidities. Hence the curves presented here are only at high relative humidities where the differences are large. In Figure 6 it is seen that the two water extractions do not change the water adsorption very much. The three curves are nearly superimposed; the water adsorption may be decreased a little after the second extraction. Even though the water-holding capacity of the callus is not altered much, the physical properties undergo a change. A callus before extraction becomes soft and pliable at a relative humidity of 76 per cent. After an extraction with water the same callus is just beginning to soften at 76 per cent relative humidity even though it adsorbs as much water as does the callus before extraction. After the second water extraction the callus is quite brittle at 76 per cent relative humidity and does not begin to soften until a relative humidity of 88 per cent is reached.
The maximum changes in water adsorption are shown by the callus which is extracted with pyridine followed by water (Figure 7) . Extraction with pyridine makes the callus hold more water. The extraction of lipids may free some polar groups in the callus and if so the extracted callus will be relatively more hydrophilic than was the original callus. Subsequent water extraction, however, changes the callus so that it has a much lower water-holding capacity. We have been able to determine that the solids which are extracted by the water are very strongly hydrophilic; at high relative humidities they will adsorb two to three times their weight of water. Removal of these strongly hydrophilic solids leaves a callus which is less hydrophilic and therefore it will adsorb less water per unit weight.
At 76 per cent relative humidity the pyridine-extracted callus is less flexible than the untreated callus, even though it holds more water. After the subsequent water extraction the callus is much less flexible at 76 per cent relative humidity, but the callus also is holding less water. After the water extraction the callus does not begin to get flexible until it is held at 97 per cent relative humidity. ' 
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Fm. 6. Showing the water-holding capacity of normal and water extracted callus at various relative humidities.
All that has been said about the pyridine-extracted callus applies also to the one extracted with petroleum ether (Figure 8 ), but the differences are not as great. After petroleum ether and water extraction the callus begins to soften at 88 per cent relative humidity and is quite flexible at 97 per cent relative humidity.
Similar observations have been made on calluses extracted with absolute ethyl alcohol, methyl alcohol, isopropyl alcohol (99 per cent), acetone, trichloroethylene, turpentine, and gasoline. The maj or changes are observed with those solvents which are polar, pyridine, acetone, and the alcohols. The nonpolar solvents, petroleum ether, turpentine and gasoline, cause less change. Large changes are observed in the water-holding capacity of a callus which has been extracted with the moderately polar solvent, trichioroethylene, and subsequently extracted with water.
It is apparent that the removal of only the lipids from keratinized epithelium does not alter its water-holding capacity very much and that what alteration does occur is in the direction of an increased capacity to adsorb water. Removal of the RELAr/VE HUMID/TV (V lipids, however, seems to alter a callus in such a way that water can then extract large amounts of hydrophilic material. Lipid extraction of the callus also alters (3 \ it in another way. When the extracted callus is allowed to adsorb some water it is not as flexible as it was when it had adsorbed the same amount of water before lipid extraction. After the water extraction following the lipid extraction it is only slightly flexible at high relative humidities. Polar solvents are more effective in altering the callus than are nonpolar solvents.
It is tempting to speculate as to the mechanism whereby extractions of callus with organic solvents and water decrease the water-holding capacity of the callus. The mechanism of water adsorption by proteins has been studied extensively by Bull (7), Pauling (8), Fraenkel-Conrat, Cooper, and Olcott (9), Olcott and Fraenkel-Conrat (10) and Heringa (11) . Among the polar groups on the proteins which are responsible for adsorbing water, Olcott and Fraenkel-Conrat (10) feel that most of the water is held by the amino, imidazole, and guanidyl groups. Pyridine was used as a solvent in much of their work, and in a footnote in one of their papers (9) they state, "Control experiments, in connection with the work here reported, indicated that the polar groups were not affected by pyridine alone." In our work the pyridine-extracted callus had a water-holding capacity similar to control callus which also indicates that pyridine did not block the polar groups. A water extraction following a pyridine treatment, however, very much reduced the water-holding capacity. The water extraction must alter the water-holding capacity in some way other than by blocking polar groups.
ileringa (11) has stated that a mucoid in the intercellular substance is responsible for the water-binding capacity of the ocular cornea. There may be a mucoid or mucoprotein present in the intercellular substance of the epidermis (12) . As the epithelium becomes cornifled, perhaps this substance becomes tightly held and is responsible for the hydrophilic nature of the stratum corneum and indirectly responsible for its flexibility. This substance is not easily removed from normal stratum corneum by water alone nor is it soluble in organic solvents. After solvent extraction, however, it can be easily dissolved from the stratum corneum by water. Removal of this substance leaves a hydrophobic callus capable of adsorbing much less water than the original callus.
SUMMARY AND CONCLUSIONS
Thin sheets of callus from the sole of the foot permit the diffusion of water at a much faster rate than does the epidermis of abdominal skin which has an even thinner layer of cornifled epithelium. As the cornified epithelium of abdominal skin is stripped with adhesive plaster the rate of diffusion of water through the skin is increased very little until the base of the stratum corneum is reached. Then there is an abrupt increase in the diffusion rate. This indicates that the major barrier against water loss in the skin over most areas of the body is not the entire cornified epithelium itself but is a very thin layer near the base of the stratum corneum.
Organic solvents remove small amounts of lipids from the cornifled epithelium. Also, the solvents so alter the cornifled epithelium that subsequent water extraction removes relatively large amounts of a strongly hydrophilic material. This double extraction of cornified epithelium greatly decreases its water-holding capacity. The flexibility of callus at different relative humidities is decreased by solvent extraction and much more decreased by a subsequent water extraction.
Since the rate at which water can reach the stratum corneurn from the underlying tissues is limited by a barrier near its base, the amount of water it can adsorb from the environment is important in determining its physical characteristics. Removal of the major hydrophilic component of the cornifled epithelium as a result of contact with lipid solvents and water so alters the cornifled epithelium that it is able to adsorb very little water from the environment. The dehydrated stratum corneum is brittle and tends to break when flexed. This brittleness and flakiness account for the feeling of dryness which is observed on skin which has been washed with water following exposure to such solvents as alcohol, gasoline, turpentine, and trichloroethylene.
DR. EUGENE TRAUGOTT BERNSTEIN, New York, N. Y.: I take this occasion to say a few words about other factors than solvents, which are capable of influencing the stratum corneum.
With the advent of the introduction of new detergents, which are actually not solvents, but emulsiflers, there was observed an increasing incidence of skin disorders due to these new synthetic detergents. The well known household detergents vary in pH from 6.2-12.1, using mainly as their active ingredients, sodium alkyl aryl sulfonate combined in many cases with sodium alkyl sulfate, and usually containing alkaline builders such as sodium tripolyphosphate, tetra sodium pyrophosphate, as well as carbonates, sulfates or silicates. Under prolonged immersion in these detergent-builder solutions at elevated temperatures, we must consider the dual effects of defatting due to the detergent as well as swelling of the stratum corn eum in the presence of high concentrations of phosphate and sulfate electrolytes.
Originally, alkaline soaps were indicted with interference with the homeostasis of the intact skin. By homeostasis, Cannon referred to the "maintenance of an equilibrated state of the body, despite changes in the inner and outer environment." I am referring to the interference of alkaline soaps with the acid mantle of the skin. Actually, less harm was done with the old-fashioned alkaline soaps as the acid mantle of the skin was changed only for a short duration, because of the buffer action of the protective acid coating of the skin which regained its original acidity in a few hours after the washing.
The indictment against the new household detergents is due to a three-fold action 1. The new detergents thoroughly remove the protective fat covering from the skin of the hands by too powerful emulsification. 2. It is believed that the keratin, a horny protein, is resistant to hydrolytic agents because of the so-called cystine bridges (which act as cross-linking agents between the polypeptide chains). Where reduction occurs in the presence of the alkaline builders the disulfide lingages are damaged, resulting in the breaking up of the keratin. 3. The high pH of the alkaline detergents is the third contributing factor interfering with the protective acidity of the skin surface. It is therefore proposed that the detergents should at least have a pH value more on the acid side and certainly less alkaline in order not to destroy the protective acid mantle. The new household detergents, due to their powerful defatting action in the presence of a high pH, and possessing electrolyte builders, are therefore capable of harming the protective barrier of the corneal layer.
DR. IRA L. SCHAMBERG, Philadelphia, Pa.: I would like to ask where the ether soluble substances, the lipids, the secretion of the sebaceous glands, fit in here? Do they play any part in making the skin soft and supple and preventing dryness and brittleness?
Dr. Blank has emphasized the role of water, but I am not clear on whether he feels the fatty and lipid substances play any part.
DR. FRANK E. CORMIA, New York City, N. Y.: A year or so ago, Dr. Lobitz, in a discussion on the physiology of the skin, suggested that in patients with ichthyosis a good type of treatment was soaking in a bath and saturating the superficial layers of the epidermis with water. Immediately after the bath a layer of oil was to be applied so that the water would be contained in the epidermis, thus improving the ichthyosis. detergents on the skin. We have started to study the action of detergent solutions on cornifled epithelium but do not have sufficient data to warrant a discussion at this time.
Dr. Bernstein pointed out that detergent solutions are not lipid solvents but lipid emulsiflers and that they remove lipids from the skin by emulsification. I rather suspect that the ability of water to remove strongly hydrophilic materials from cornifled epithelium subsequent to treatment with lipid solvents is dependeat on some factor other than the removal of the lipids by the solvents. It isn't iust a coating of lipids which prevents water from getting in and removing these water soluble materials. I think perhaps there is some kind of chemical bond between the lipids and the water soluble materials which must be broken before the strongly hydrophilic materials can be removed by water. If this is true, and I frankly say at this time that it is hypothetical, then it is possible that substances which remove lipids by virtue of emulsification will not do the same thing as do some of the lipid solvents. I think there is a little evidence in support of this hypothesis. Following treatment with non-polar lipid solvents, relatively little water soluble material can be extracted. Yet these non-polar solvents extract a maximum amount of lipids. The polar solvents must do something that the nonpolar solvents can't do. It remains to he seen if the emulsiflers can do the same thing as do the polar solvents.
With respect to the second question, of course we were not concerned with sebaceous lipids in the work just reported since our material was from the sole of the foot. However, I believe the intent of the question is more far-reaching. It would be wrong for me to say dogmatically that the lipids play no role in maintaining a supple cornified epithelium. Yet it is true that in spite of all the lipids that the normal cornifled epithelium contains, if the water is allowed to evaporate from cornifled epithelium, a very brittle material results which cannot be made supple again by the addition of any type of lipids with which I am familiar. Only water will again make it supple. I will very quickly answer the question about the bath. Surely soaking in water for some length of time may alter the subsequent ability of cornifled epithelium to take up water. If the cornifled epithelium is hydrated by a short bath, however, the hydrophilic materials may not be removed. I do not know the minimum length of time that is required to remove the materials which are responsible for the water-holding capacity of normal intact skin. If after hydration in a short bath, the skin is covered with a layer of petrolatum, the water of hydration can be retained.
